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(5 7) Abstract: 

PROBLEM TO BE SOLVED: To provide a semiconductor 
device and a manufacturing method thereof, having a low 
resistance metal silicide layer obtained from a MOS 
structure having a gate electrode and a metal silicide 
layer on the source/drain region, without increasing the 
production man-hours and suppressed junction leak 
current. 

SOLUTION: A p-type well diffused layer 102 is formed in 
a S substrate 10, element-isolated regions 103 are 
formed on the substrate, gate electrodes 105 of a Si- 
contained conductive layer and side wall spacers 106 are. 
formed through an insulation film 104. An n-type 
impurity is diffused in the diffused layer 102 to form 
source/drain regions 107a, 107b. Ions of Ar or Kr riot 
functioning as a dopant are implanted on the surfaces of 
the conductive layer 104 and diffused layer 107 to 
crystallize these surfaces. A Ti, Ni or other high- m. p. 
metal layer 109 is formed on the surface by the 
sputtering and heat treated to silicidize the metal layer, 
thus obtaining a desired semiconductor device. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

t.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The gate electrode which consists of a conductive layer which is formed through an 
insulator layer on a semi-conductor substrate, and contains silicon at least, And it is formed into 
said semi-conductor substrate, and has the impurity diffused layer which constitutes a source, 
field or a drain field. Said gate electrode and said impurity diffused layer contain the MOS device 
which has a metal silicide layer on a front face. And said impurity diffused layer The 
semiconductor device containing a MOS device containing the atom which does not function as 
the donor or acceptor introduced by the ion implantation other than the impurity used as a donor 
or an acceptor. 

[Claim 2] The atom which does not function as said donor or an acceptor in claim 1 is a 
semiconductor device containing a MOS device which is at least one sort chosen from at least 
one sort or the silicon, the germanium, carbon, and tin of the rare gas chosen from an argon, a 
krypton, neon, helium, and a xenon. 

[Claim 3] The semiconductor device containing a MOS device with which the crystal defect 
formed in claims 1 or 2 with the atom which does not function as said donor or an acceptor, or 
the crystal defect in which said crystal defect is formed in the process recovered by 
.consecutive heat treatment exists in said impurity diffused layer. 

[Claim 4] The gate electrode which consists of a conductive layer which is formed through an 
insulator layer on a semi-conductor substrate, and contains silicon at least, And it is formed into 
said semi-conductor substrate, and has the impurity diffused layer which constitutes a source 
field or a drain field. And said gate electrode and impurity diffused layer are the manufacture 
approach of the semiconductor device containing the MOS device which has a metal silicide 
layer on a front face, and mind an insulator layer on the (A) aforementioned semi-conductor 
substrate. The process which forms the conductive layer which contains si[icon at least, and the 
impurity which serves as a donor or an acceptor into the (B) aforementioned semi-conductor 
substrate are diffused. The process which forms the impurity diffused layer which constitutes a 
source field or a drain field, (C) by performing the process which forms at least the metal layer 
which can form silicide in the front face of said conductive layer and said impurity diffused layer, 
and (D) heat treatment The process which silicide-izes said metal layer is included. Before the 
process (C) which forms said metal layer The manufacture approach including the process which 
pours in at least the atom which does not function on said conductive layer and said impurity 
diffused layer as a donor or an acceptor by the ion implantation of the semiconductor device 
containing a MOS device. 

[Claim 5] The atom which does not function as said donor or an acceptor in claim 4 is the 
manufacture approach of the semiconductor device containing a MOS device which is at least 
one sort chosen from at least one sort or the silicon, the germanium, carbon, and tin of the rare 
gas chosen from an argon, a krypton, neon, helium, and a xenon. 

[Claim 6] The manufacture approach of the semiconductor device containing a MOS device with 
which the crystal defect formed in claims 4 or 5 with the atom which does not function as said 
donor or an acceptor, or the crystal defect in which said crystal defect is formed in the process 
recovered by consecutive heat treatment exists in said impurity diffused layer. 
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[Claim 7] Said ion implantation is the manufacture approach of the semiconductor device 
containing a MOS device performed [ in / on either of claims 4-6, and / the MOS device of an N 
channel and a P channel ] to coincidence. 



[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

"I.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 

[Detailed Description of the Invention] 4 
[0001] 

[Field of the Invention] This invention relates to the semiconductor device with which the front 
face of the MOS device formed by the Salicide technique, i.e., a gate electrode, the source / 
drain field contains the MOS device constituted by the metal silicide layer, and its manufacture 
approach. 
[0002] 

[A background technique and Object of the Invention] In recent years, the further high 
integration of a semiconductor integrated circuit and high performanceHzation are aimed at, and 
detailed-izing of the component dimension of a device is being enhanced. Therefore, it is the 
situation which the. width of face of the impurity diffused layer which constitutes the source / 
drain field of an MOS transistor (a source field or drain field) with detailed-izing also cannot but 
become narrow, and also cannot but make the depth shallow. However, the sheet resistance of 
an impurity diffused layer goes up, and it becomes impossible to disregard it to channel 
-res i stan ce-of-a-t ran s i stor-co n se q u e n tl y— a n d-it-ma kes-th e~e ngi n e~p erf o rm a n c e of a 
semiconductor integrated circuit fall in respect of delay etc. as the depth of the source / drain 
field becomes shallow. 

[0003] As opposed to such a problem, it is reference.; 

Institute of telecommunications engineers Editing: An LSI handbook, Ohm-Sha As it is in p401, 
the Salicide (salicide:self-aligned-silicide) technique which silicide-izes the front face of the gate 
electrode which consists of the source / a drain field, and polycrystalline silicon by self- 
alignment is useful. By using the Salicide technique, it becomes possible to achieve low 
resistance-ization of the source / drain field demanded with detailed-izing. 
[0004] However, reference; 

(1) Robert Beyers et.al.J.Appl.Phys.61 (11), 1987. As indicated by (2) Minoru Takahashi 
et.al.Ext.Abs.1993 SSDM and p458 grade For the high concentration impurity which exists in a 
gate electrode and the source / drain field, especially the arsenic used for an N-channel metal 
oxide semiconductor transistor Or a silicide-ized reaction is controlled for detailed-izing that the 
width efface of the source / drain field, and a gate electrode becomes thin, and it is known that 
sheet resistance will go up. 

[0005] As the cure, before forming silicide, the approach of carrying out the ion implantation of 
the arsenic to each front face of the gate electrode which consists of the source / a drain field, 
and polycrystalline silicon, making silicon amorphous, and forming the silicide of low resistance is 
learned. 

[0006] This kind of approach is reference.; 

CD Wakabayashi ** ** — the Institute of Electronics, Information and Communication Engineers 
technical research report It is indicated by SDM94-173(2) I.Sakai et.al. Digest 1992 Symposium 
on VLSI Technlgy and p66 grade. In the technique indicated by these reference, after pouring in 
the impurity for making it a conductivity-type semi-conductor and being activated to the 
source / drain field, and the gate electrode of a transistor, in order to make amorphous the front 
face of the source / drain field, and a gate electrode, an arsenic is poured in, and the method of 
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forming a silicide layer after that is taken. 

[0007] However, if according to the technique which was expressed previously and which drives 
in an arsenic for the purpose of amorphous-izing the ion implantation of the arsenic is carried 
out all over a semi-conductor substrate in order to perform amorphous-ization, said arsenic will 
become a counter dope to the impurity layer of the P type which boron diffused, and will reduce 
the concentration of the P type impurity of an impurity layer relatively. Moreover, in order to 
avoid it, it is necessary to perform patterning using a photoresist and to drive an arsenic only 
into an N type field. However, in this approach, the number of sheets of the photo mask used for 
patterning at the time of a routing counter and an ion implantation increases, and it leads to 
increase of wafer processing cost. 

[0008] Then, this invention tends to solve such a technical problem and the place made into the 
purpose has it in offering the semiconductor device containing a MOS device with which the rise 
of the sheet resistance accompanying detaiiedHzing of the source / drain field, and a gate 
electrode was controlled, and its manufacture approach. 
[0009] 

[Means for Solving the Problem] The manufacture approach of a semiconductor device 
concerning this invention is formed through an insulator layer on a semi-conductor substrate. It 
is formed into the gate electrode which consists of a conductive layer which contains silicon at 
least, and said semi-conductor substrate. It has the impurity diffused layer which constitutes a 
source field or a drain field. Said gate electrode and said impurity diffused layer are the 
manufacture approach of the semiconductor device containing the MOS device which has a 
metal silicide layer on a front face, and mind an insulator layer on the (A) aforementioned semi- 
conductor substrate. The process which forms the conductive layer which contains silicon at 
least, and the impurity which serves as a donor or an acceptor into the (B) aforementioned 
semi-conductor substrate are diffused. The process which forms the impurity diffused layer 
which constitutes a source field or a drain field, (C) by performing the process which forms at 
least the metal layer which can form silicide in the front face of said conductive layer and said 
impurity diffused layer, and (D) heat treatment The process which silicideHzes said metal layer is 
included. The process which pours in at least the atom which does not function on said 
conductive layer and said impurity diffused layer as a donor or an acceptor by the ion 
implantation before the process (C) which forms said metal layer is included. 
[0010] The semiconductor device of this invention manufactured by the manufacture approach 
of this invention The gate electrode which consists of a conductive layer which is formed 
through an insulator layer on a substrate and contains silicon at least, And it is formed into said 
semi-conductor substrate, and has the impurity diffused layer which constitutes a source field or 
a drain field. And said impurity diffused layer contains the atom which does not function as the 
donor or acceptor introduced by the ion implantation other than the impurity used as a donor or 
an acceptor including the MOS device to which said gate electrode and said impurity diffused 
layer have a metal silicide layer on a front face. 

[0011] The semiconductor device of this invention namely, before the process (C) which forms 
the metal layer which can form silicide by the manufacture approach of this invention The 
specific atomic ion which does not. function on each front face of the conductive layer which 
constitutes the gate electrode of a MOS device, and the impurity diffused layer which 
constitutes the source / drain field as a donor or an acceptor is poured in by the ion 
implantation. By making amorphous each front face of said conductive layer and an impurity 
diffused layer, the reactivity of the silicon which constitutes said each class can be raised, and 
silicide-ization can be ensured. Therefore, a good metal silicide layer can be obtained, without 
affecting high impurity concentration, since it does not become a counter dope to the impurity of 
the both sides of N type and P type while, controlling the rise of the sheet resistance of a metal 
silicide layer, when the width of face of a gate electrode and an impurity diffused layer becomes 
thin with detailed-izing of a component, and when the depth of said impurity diffused layer 
becomes small. 

[0012] In the semiconductor device concerning this invention, and its manufacture approach, the 
atom which does not function as said donor or an acceptor has the desirable thing which is 



http:/ / www4.ipdl.ncipi.go jp/cgi-bin/tran_web^cgLejje 



2005/04/01 



JP.09-321304.A [DETAILED DESCRIPTION] 



3/9 ^— v 



chosen from at least one sort, or the silicon, the germanium, carbon, and tin of the rare gas 
chosen from an argon, a krypton, neon, helium, and a xenon and which is. an argon preferably at 
least one sort. 

[0013] Since these atoms do not function as a donor or an acceptor, the concentration of the 
donor or acceptor contained to the source / drain field is not affected, Moreover, since these 
atoms have moderate mass, they can make the silicon of a processed layer amorphous 
efficiently and certainly by the ion implantation. Moreover, in the semiconductor device and its 
manufacture approach of this invention, it is desirable for the crystal defect formed with the 
atom which does not function as said donor or an acceptor, or the crystal defect in which said 
crystal defect is formed in the process recovered by consecutive heat treatment to exist in said 
impurity diffused layer/namely, not to exceed outside the impurity diffused layer from which said 
crystal defect constitutes the source / drain field. Consequently, it becomes possible to make it 
the same level as the case where said ion implantation [ leakage current / which is generated by 
junction to an impurity diffused layer and a well ] aiming at amorphous-izing is not performed. 
[0014] For that purpose, it is desirable for the crystal defect which produces the acceleration 
energy at the time of the ion implantation aiming at amorphous-izing.by the atomic ion which 
does not function as a donor or acceptors, such as argon ion, by the ion implantation, or the 
crystal defect formed at the process recovered by heat treatment of consecutiveness of the 
crystal defect to make it conditions which do not exceed the depth of the impurity diffused layer 
of the source / drain field -of a MOS device. 

[0015] Moreover, since according to the manufacture approach of this invention the specific 
atom introduced by the ion implantation for amorphous-izing does not change the high impurity 
concentration of the impurity diffused layer of the source / drain field as mentioned above, in 
manufacture of the semiconductor device containing an N channel and the MOS device of a P 
channel mold, said ion implantation can be performed to coincidence in the MOS device of N 
type and P type. Therefore, the mask formation process for avoiding a counter dope is not 
needed, but the ion implantation of the atomic ion which does not function as a donor or an 
acceptor can be performed all over a wafer. 

[0016] as state above, it be in the condition did not become a counter dope to the impurity of 
the P type contain to the source / drain field, or N type, therefore a condition controlled the 
concentration of said impurity correctly, and, according to the semiconductor device and its 
manufacture approach of this invention, silicideHzing with a good impurity diffused layer be 
possible by perform amorphous-ization of silicon by the ion implantation of the atomic ion. which 
do not function as a donor or acceptors, such as an argon ion. 

[0017] Moreover, by performing amorphous-ization of silicon by the ion implantation of the 
atomic ion which does not function as a donor or an acceptor Since it does not become a 
counter dope to the impurity of the P type contained to the source / drain field, or N type Since 
it becomes possible to make amorphous each front face of the single-crystal-silicon layer which 
is the pplycrystalline silicon layer, and the source / drain field which is a gate electrode by 
carrying out an ion implantation to coincidence on the whole wafer surface, It is not necessary 
to add a photograph process and to have good control of striking ion in any direction, and it 
becomes possible to reduce wafer processing cost. 

[0018] When the semiconductor device of this invention is especially used for the product of a 
dc-battery power-source drive like a pocket device, for example, a cellular phone, a notebook 
computer, an electronic notebook, a pager, and a pocket game, while reducing the sheet 
resistance of a MOS device, junction leakage current can be controlled, therefore the current at 
the time of standby can be made small,, and it enables prolongation-of-life-ization of a battery 
life to measure. 
[0019] 

[Embodiment of the Invention] Hereafter, the gestalt of typical operation of this invention is 
explained more to a detail, referring to a drawing. 

[0020] (Gestalt of the 1st operation) The sectional view in which drawing 5 shows an example of 
the semiconductor device of this invention typically, drawing 1 - drawing 4 are the sectional 
views showing typically an example of the manufacture approach of the semiconductor device 
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shown in drawing 5 in order of a process. 

[0021] The gestalt of this operation shows the example which applied this invention to the 
semiconductor device containing an N-channel metal oxide semiconductor component. 
[0022] The semiconductor device shown in drawing 5 Gate oxide 104 is minded on a diffusion 
layer 102, the component isolation region 103 formed on said silicon substrate, and said silicon 
substrate 101. the P type formed in a silicon substrate 101 and this substrate 101 — a well — 
the formed gate electrode 105, the sidewall spacer 106 formed in both the sides of this gate 
electrode 105, and said well — it is constituted including the source / drain fields 107a and 107b 
containing the N type impurity formed into the diffusion layer 102. 

[0023] And N type impurities, such as Lynn, are doped by polycrystalline silicon, said gate 
electrode 105 is formed in it, and 1st metal silicide layer 1 10a is further formed in the front face 
of this gate electrode 105. Moreover, 2nd metal silicide layer 110b is formed in the front face of 
said source / drain fields 107a and 107b. 

[0024] Furthermore, the atom which does not function as the donor or acceptor introduced by 
the ion implantation, for example, an argon, exists in said 1st and 2nd metal silicide layers 110a 
and 110b. Although this atom is explained in full detail behind, in order to promote silicide.-ization, 
the atom doped by said gate electrode 105, and the source / drain fields 107a and 107b by the 
ion implantation remains. 

[0025] The semiconductor device shown in drawing 5 can be manufactured according to the 
following processes shown in drawing 1 - drawing 4 . 

[0026] (1) Form the 1st silicon oxide in an oxygen ambient atmosphere on a silicon substrate 101 
first, next, a well — in order to form a diffusion layer, a photoresist is applied, patterning is 
performed using the projection exposing method, and a mask is formed: subsequently, the 
thermal diffusion method after pouring in boron using ion-implantation and removing said 
photoresist — using — P type — a well — a diffusion layer 102 is formed. Then, after forming a 
silicon nitride with a CVD method, a photoresist is applied, patterning of said photoresist is 
carried out, and only the part which forms a component isolation region in said 1st silicon oxide 
removes said silicon nitride in dry etching. Next, after removing said photoresist, the component 
isolation region 103 which consists of silicon oxide by making a mask oxidize said silicon nitride . 
thermally in an oxygen ambient atmosphere is formed. 

[0027] Subsequently, a phosphoric acid etc. removes said silicon nitride, it oxidizes thermally 
further for the impurity removal on the front face of a substrate before formation of gate oxide, 
and the 2nd silicon oxide is formed. Then, after etching removes said 2nd silicon oxide, gate 
oxide 104 is formed using the oxidizing [ thermally ] method. Next, a polycrystalline silicon layer 
is formed using a CVD method, after applying and carrying out patterning of the photoresist, dry 
etching is performed, the gate electrode 105 is formed, and said photoresist is removed ( drawing 
1). 

[0028] (2) Next, perform dry etching and form the sidewall spacer 1 06, after using a CVD method 
and forming an oxide film, in order to prevent the short-circuit between the gate electrode- 
source / drain field after silicide. Next, in order to pour in formation of the source / drain field of 
an N-channel metal oxide semiconductor transistor, and the impurity to the inside of the gate 
electrode 105, a photoresist is applied, and patterning is carried out so that opening may be 
formed in the part equivalent to the field which forms an N-channel metal oxide semiconductor 
transistor. Next, while pouring in N type impurities, such as an arsenic, with ion-implantation and 
forming the source / drain fields 107a and 107b which are high-concentration N type diffusion 
layers, respectively, an impurity is introduced into said gate electrode 105, and said. photoresist 
is removed after that. Next, in order to activate the pouredHn impurity, it heat-treats in 
nitrogen-gas-atmosphere mind ( drawing 2 ). 

[0029] (3) Next, after removing the natural oxidation film which exists in each front face of the 
gate electrode 105, and the source / drain fields 107a and 107b, in order to make amorphous 
each front face of the gate electrode 105, and the source / drain fields ,107a. and 107b, pour in 
argon ion. The depth of the source / drain fields 107a and 107b of the acceleration energy at 
this time is 0.2 micrometers. In the case so that heat treatment for 20 minutes may be 
performed at 800-900 degrees C after an argon ion implantation 15 or less keVs are desirable so 
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that the crystal defect formed with the poured-in argon ion or the crystal defect in which the 
crystal defect is formed in the process recovered by consecutive heat treatment may not 
exceed the depth of the source / drain fields 107a and 107b. Thus, the amorphous fields 108a 
and 108b are formed in each front face of the gate electrode 105, and the source / drain fields 
107a and 107b ( drawing 3 ). 

[0030] It is important by carrying out the ion implantation of the specific ion, such as argon ion, 
to each front face of said gate electrode 105, and the source / drain fields 107a and 107b at this 
process to promote amorphous-ization of silicon. However, it is desirable to make it the crystal 
defect formed with said specific atomic ion, such as the crystal defect which crosses the 
source / drain field by this ion implantation, i.e., an argon etc., or the crystal defect in which said 
crystal defect is formed in the process recovered by consecutive heat treatment not exceed 
outside said source / drain fields 107a and 1 07b. consequently, the source / drain field, and a 
well — it becomes possible to make it the same level as the case where said ion implantation 
[ leakage current / which is generated by junction to a diffusion layer ] aiming at amorphous- 
izing is not performed. For that purpose, it is desirable to set the acceleration energy at the time 
of the ion implantation by the atomic ion which. does hot function as a donor or acceptors, such 
as argon ion, as conditions on which said crystal defect does not exceed the depth of the 
impurity diffused layer of the source / drain field. 

[0031] (4) Next, form the metal layer 109 which consists of the metal layer which can form 
silicide using a spatter, for example, titanium, cobalt, nickel, a tantalum, platinum, or these alloys 
( drawing 4 ), heat-treat using lamp ANIRA, such as halogen lamp ANIRA, after that, and form the 
metal silicide layers 1 10a and 1 10b in the front face of the gate electrode 105, and the source / 
drain fields 107a and 107b by self-alignment. Subsequently, selectivity etching is performed and 
the unreacted metal layer on the sidewall spacer 106 and the component isolation region 103 is 
removed ( drawing 5 ). 

[0032] As stated above, it sets to the manufacture approach of this invention. On each front 
face of the source / drain fields 107a and 107b which consists of a gate electrode 105 which 
consists of polycrystalline silicon before the process (4) which forms the metal layer which can 
form silicide, and an N type impurity diffused layer By pouring in the specific atomic ion which 
does not function as a donor or an acceptor by the ion implantation, and having the process (3) 
which makes said each front face amorphous The reactivity of the silicon which constitutes each 
class of said gate electrode 105, and the source / drain fields 107a and 107b which consist of an 
N type impurity diffused layer can be raised, and siiicide-ization can be ensured. Therefore, when 
the width of face of a gate electrode and the source / drain field becomes thin with detailed- 
izing of a component, and when the depth of said source / drain field becomes small, it also sets. 
A good metal silicide layer can be obtained without affecting high impurity concentration in the 
source / drain field containing an N type impurity, especially the arsenic which is easy to check 
siiicide-ization, while controlling the rise of the sheet resistance of a metal silicide layer. 
Moreover, since the ion kind to pour in is the argon which is not the impurity of an arsenic, N 
type, such as Lynn and BF2, or P type, it does not become a counter dope to other impurities. 
[0033] In addition, in the gestalt of the above-mentioned implementation, although N-channel 
metal oxide semiconductor tolan JISHITA was. described, it cannot be overemphasized that this 
invention can be applied similarly and can attain the same function also about a P channel MOS 
transistor if the point that a conductivity type is mainly reversed polarity is removed. 
[0034] Next, the example of an experiment performed in relation to the MOS device concerning 
the gestalt of this operation is explained. 
[0035] (Example of an experiment) 

(1) The sample was formed according to the process which carried out the SIMS above- 
mentioned, and it asked for the profile of each atom of the direction of thickness of a sample 
according to the secondary ion mass spectrometry (SIMS) by the exposure of primary caesium 
ion. The result is shown in drawing 6 . As for the sample used for measurement, the 
polycrystalline silicon layer (220nm) the silicon oxide (10nm) which is gate oxide, acceleration 
energy 50keV, and 4x1015 doses /are [ cm ] 2, and are [ layer ] the gate electrode with whJch 
the arsenic was doped, and a titanium silicide layer (70-80nm) are formed on a silicon substrate. 
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And in case this sample is formed, argon ion is poured in with the acceleration energy of 10keV 
(s) by said process (3). 

[0036] It was checked that the peak of an argon is in its layer near the front face of the titanium 
silicide layer which is the maximum upper layer from drawing 6 . 

[0037] (2) The line breadth dependency of the sheet resistance of a gate electrode which the 
existence of impregnation of argon ion exerts on effect drawing 7 which impregnation of argon 
ion exerts on the sheet resistance of a gate electrode is compared and shown. In drawing 7 , an 
axis of abscissa shows the line breadth of the metal silicide layer of a gate electrode, and an axis 
of ordinate shows the sheet resistance of the gate electrode of electrical-potential-difference 
3.3V. Moreover, the sample concerning this invention has the same configuration fundamentally 
with having used by measurement of the above (1), and two or more sorts of things from which 
the line breadth of a titanium silicide layer differs were used for it. The sample for a comparison 
is the same as that of what there is no impregnation of argon ion, and also starts this invention. 
[0038] From drawing 7 , by performing amorphous-ization of a gate electrode surface by the ion 
implantation using argon ion shows that sheet resistance is remarkably small in the range where 
the line breadth of the titanium silicide layer of a gate electrode is wide compared with the case 
where argon ion is not poured in. Moreover, when the line breadth of the titanium silicide layer of 
a gate electrode became small, it was checked that the effectiveness of suppressing the rise of 
sheet resistance is large. 

[0039] (3) The line breadth dependency of the sheet resistance of the source / drain field which 
the existence of impregnation of argon ion exerts on effect drawing 8 which impregnation of 
argon ion exerts on the sheet resistance of the source / drain field is compared and shown. In 
drawing 8 , an axis of abscissa shows the line breadth of the titanium silicide layer of the 
source / drain field, and an axis of ordinate, shows the sheet resistance of the source / drain 
field of electrical-potential-difference 3.3V. Moreover, the sample concerning this invention has 
the same configuration fundamentally with what was used by measurement of the above (1), and 
two or more sorts of things from which the line breadth of a titanium silicide layer differs were 
used for it. Acceleration energy 50keV and 4x1 01 5 doses /are [ cm ] 2, and, as for the source / 
drain field, an arsenic is doped. 

[0040] From drawing 8 , by performing amorphous-ization of the source / drain field front face 
by the ion implantation using argon ion shows that sheet resistance is small in the range where 
the line breadth of the metal silicide layer of the source / drain field is wide compared with the 
case where argon ion . is not poured in. 

[0041] (4) The acceleration energy of argon ion shows the effect which it has on junction 
leakage current to effect drawing 9 which the acceleration energy of an ion implantation exerts 
on junction leakage current. In drawing 9 , an axis of abscissa shows the impregnation energy of 
argon ion, and an axis of ordinate shows the leakage current of electrical-potential-difference 
3.3V. The sample used for measurement is the same as that of what was used by measurement 
of the above (3). Moreover, 41472 micrometers of area of the evaluated area are 2, and the 
circumference length of area is 864 micrometers. 

[0042] the acceleration energy at drawing 9 to the time of an argon ion implantation — when it 
becomes large, it turns out that junction leakage current also becomes large. Therefore, as for 
the acceleration energy at the time of an ion implantation, it is desirable to be set up so that 
junction leakage current may not exceed a predetermined value. That is, since it is thought that 
junction leakage current increases when the crystal defect produced by the ion implantation or 
the defect in which the crystal defect is formed in the process recovered by consecutive heat 
treatment crosses the source / drain field, as for the acceleration energy at the time of an ion 
implantation, it is desirable to be set up so that these crystal defects may not cross the 
source / drain field. 

[0043] For example, as shown in drawing 9 , it is possible by setting the acceleration energy at 
the time of an ion implantation as the suitable range (15 or less keVs) to hold down to the 
leakage current of the case where argon ion is hot being poured in, and this level. However, since 
the optimum value changes with components, acceleration energy cannot generally limit the 
value. 
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[0044] (5) A crystal defect shows the effect which it has on junction leakage current to effect 
drawing 10 which a crystal defect exerts on junction leakage current. In drawing 10 , an axis of 
abscissa shows the thermal wave signal for which it asked by the thermal waving method, and an 
axis of ordinate shows the junction leak current value of electricai-potehtial-difference 3.3V. 
According to the. thermal waving method, the quantum of the damage generated in the silicon 
substrate can be carried out indirectly, and the crystal defect in silicon can be evaluated. The 
sample of a fundamental configuration used for measurement is the same as that of what was 
used for measurement of the above (4), and drives it in on the conditions which change an argon 
with ion implantations. The placing conditions of an argon are as follows. 
[0045] a. Dose; the same sign shows [ in / 3x1014 pieces // 2, acceleration energy; 1 0keVb. 
dose;1x1015 piece/cm2, acceleration energy; 1 0keVc. dose;3x1014 piece/cm2, and acceleration 
energy;30keV drawing 10 .] the thing corresponding to the placing conditions of the above- 
mentioned argon cm. In addition, the thermal wave signal shown in the axis of abscissa of 
drawing 1 0 measures not using the sample which measured junction leakage current but using 
the sample which carried out the ion implantation of the argon on above-mentioned a-c and the 
same conditions at BEASHIRIKON*. Moreover, 250000 micrometers of area of the area which 
evaluated junction leakage current are 2, and the circumference length of area is 2000 
micrometers. 

[0046] Drawing 10 shows that junction leakage current becomes large as the value of a thermal 
wave signal becomes large. It shows that junction leakage current becomes large as the crystal 
defect of this increases. 

[0047] (Gestalt of the 2nd ^operation) Drawing 14 is the sectional view which applied this 
invention to the CMOS device and in which showing the gestalt of other operations typically, and 
drawing 1 1 - drawing 13 are the sectional views showing typically the production process of the 
semiconductor device shown in drawing 14 . 

[0048] The semiconductor device shown in drawing 14 can be manufactured according to the 
following processes shown in drawing 1111 - d rawing 13 . 

[0049] (1) Form a twin well by the approach usually used first That is, the 1st silicon oxide is 
formed in an oxygen ambient atmosphere on a silicon substrate 101. next, a well — in order to 
form a diffusion layer, a photoresist is applied, patterning is performed using the projection 
exposing method, and a mask is formed. Subsequently, Lynn is poured in using ion-implantation 
and said photoresist is removed, next, P type — a well — in order to form a diffusion layer, a 
photoresist is applied, patterning is performed using the projection exposing method, and a mask 
is formed. Subsequently, boron is poured in instead of Lynn using ion-implantation, and said 

photoresist is removed, then, a thermal diffusion method — using — N type — a well 

diffusion layer 102b and P type — a well — diffusion layer 102a is formed. 

[0050] Subsequently, after forming a sili con nitride with a CVD method on the 1 st silicon oxide, a 
photoresist is applied, patterning of said photoresist is carried out, and only the part which forms 
a component isolation region in said 1st silicon oxide removes said, silicon nitride in dry etching. 
Next, after removing said photoresist, the component isolation region 103 which consists of 
silicon oxide by making a mask oxidize said silicon nitride thermally in an oxygen ambient 
atmosphere is formed. 

[0051] Subsequently, a phosphoric acid etc. removes said silicon nitride, it oxidizes thermally 
further for the impurity removal on the front face of a substrate before formation of gate oxide, 
and the 2nd silicon oxide is formed. Then, after etching removes said 2nd silicon oxide, gate 
oxide 104a and 104b is formed using the oxidizing [ thermally ] method. Next, a polycrystalline 
silicon layer is formed using a CVD method, after applying and carrying out patterning of the 
photoresist, dry etching is performed, gate electrode 105a of an N-channel metal oxide 
semiconductor transistor and gate electrode 1 05b of a P channel MO.S transistor are formed, 
and said photoresist is removed. 

[0052] Next, in order to carry out short prevention between the gate electrode-source / drain 
field after silicide, after, using a CVD method and forming an oxide film, dry etching is performed 
and the sidewall spacer 106 is formed. Next, in order to pour in formation of the source / drain 
field of an N-channel metal oxide semiconductor transistor, and the impurity to the inside of gate 
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electrode 105a, a photoresist is applied, and patterning is carried out so that opening may be 
formed in the part equivalent to the field which forms an N-channel metal oxide semiconductor 
transistor. Next, while pouring in N type impurities, such as an arsenic, with ion-implantation and 
forming the source / drain fields 107a and 107b which are high-concentration N type diffusion 
layers, respectively, an impurity is introduced into said gate electrode 105a, and said photoresist 
is removed after that. 

[0053] Similarly, in order to pour in formation of the source / drain field of a P channel MOS 
transistor, and the impurity to the inside of gate electrode 105b, a photoresist is applied, and 
patterning is carried out so that opening may be formed in the part equivalent to the field which 
forms a P channel MOS transistor. Next, while pouring in P type impurities, such as boron, with 
ion-implantation and forming the source / drain fields 107c and 107d which are high- 
concentration P type diffusion layers, respectively, an impurity is introduced into said gate 
electrode 105b, and said photoresist is removed after that. Next, in order to activate the 
poured-in impurity, it heat-treats in nitrogen-gas-atmosphere mind ( drawing 1 1 R> 1). 
[0054] (2) Next, after removing the natural oxidation film which exists in each the gate 
electrodes 1 05a and 1 05b (1 05), and fields [ the source / drain fields / 1 07a, 1 07b, 1 07c, and 
107d (107) ] front face, in order to make amorphous each front face of said gate electrode 105, 
and the source / drain field 107, pour in argon ion. The acceleration energy at this time has 15 
or less desirable keVs so that the depth of the source / drain field 107 is 0.2 micrometers, and 
the crystal defect formed with the poured-in argon ion or the crystal defect in which that crystal 
defect is formed in the process recovered by consecutive heat treatment may not exceed the 
depth of the source / drain field 107, when performing heat treatment for 20 minutes at 800-900 
degrees C after an argon ion implantation. Thus, the amorphous fields 108a and 108c are formed 
in each front face of the gate electrodes 105a and 105b, and the amorphous fields 108b and 
108d are formed in each the source / drain fields 107a and 107b of N-channel metal oxide 
semiconductor tolan JISHITA, and fields [ of P channel MOS tolan JISHITA / the source / drain 
fields / 107c and 107d ] front face ( drawing 12 R> 2). 

[0055] As mentioned above at this process, it is important for each front face of said gate 
electrode 105, and the source / drain field 107 by carrying out the ion implantation of the 
specific ion, such as argon ion, to promote amorphous-ization of silicon. However, it is desirable 
to make it the crystal defect formed with said specific atomic ion, such as the crystal defect 
which crosses the source / drain field 107 by this ion implantation, i.e., an argon etc., or the 
crystal defect in which said crystal defect is formed in the process recovered by consecutive 
heat treatment not exceed outside said source / drain fiejd 107. consequently, the source / 
drain field, and a well — it becomes possible to make it the same level as the case where said 
ion implantation [ leakage current / which is generated by junction to a diffusion layer ] aiming at 
amorphous-izing is not performed. For that purpose, it is desirable to set the acceleration energy 
at the time of the ion implantation by the atomic ion which does not function as a donor or 
acceptors, such as argon ion, as conditions on which said crystal defect does not exceed the 
depth of the impurity diffused layer of the source / drain field. 

[0056] And a mask formation process to avoid [ for that it is characteristic at this process to be 
able to perform an ion implantation with a blanket to coincidence, i.e., the whole wafer surface, to 
the MOS transistor of an N channel and a P channel, since the atomic ion which does not 
function as a donor or an acceptor, for example, argon ion, is used for the ipn implantation for 
amorphous-izing and ] a counter dope is not needed, but it becomes possible to reduce wafer 
processing cost. 

[0057] (3) Next, the metal layer which can form silicide using a spatter, for example, titanium, 
cobalt, nickel, a tantalum, or platinum, Or form the metal layer 109 which consists of these alloys 
( drawing 1 3 ), and it heat-treats using lamp ANIRA. The metal silicide layers 110a and 1 10c are 
formed in each front face of the gate electrodes 105a and 1.05b. The metal silicide layers 110b 
and 1 1 0d are formed in each the source / drain fields 1 07a and 1 07b of N-channel metal, oxide 
semiconductor tolan JISHITA, and fields [ of P channel MOS tolan JISHITA / the source / drain, 
fields / 107c and 107d ] front face by self-alignment. Subsequently, selectivity etching is 
performed and the unreacted metal layer on the sidewall spacer 106 and the component isolation 
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region 103 is removed ( drawing 14 R> 4). 

[0058] As stated above, it also sets in the gestalt of this operation. Like the gestalt of said 
operation On each fields [ which consist of the gate electrode 105 which consists of 
polycrystalline silicon before the process (3) which forms the metal layer which can form silicide . 
and N type, or a P type impurity diffused layer / the source / drain fields 107a, 107b, 107c, and 
107d ] front face By pouring in the specific atomic ion which does not function as a donor or an 
acceptor by the ion implantation, and having the process (2) which makes said each front face 
amorphous The reactivity of the silicon which constitutes the source / drain fields 107a, 107b, 
107c, and 107d which consist of said gate electrode 105 and N type, or a P type impurity 
diffused layer can be raised, and silicide-ization can be ensured. Therefore, a good metal silicide 
layer can be obtained, without affecting the concentration of the impurity of the N type 
contained to the source / drain field, or P type, while controlling the rise of the sheet resistance 
of a metal silicide layer, when the width of face of a gate electrode and ah impurity diffused layer 
becomes thin with detailed-izing of a component, and when the depth . of said source / drain field 
becomes small. Moreover, since the ion kind to pour in is the argon which is not the impurity of 
an arsenic, N type, such as Lynn and BF2, or P type, it does not become a counter dope to the 
impurity of N type or P type. 

[0059] As mentioned above, although this invention was explained based on the gestalt of 
operation, it cannot be overemphasized that modification various in the range which does not 
deviate from the summary is possible for this invention, without being limited to the gestalt of 
the above-mentioned implementation. 
[0060] 
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* NOTICES * 

JPO and NCIPI are not- responsible for any 
damages causedby the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 

TECHNICAL FIELD 



[Field of the Invention] This invention relates to the 'semiconductor device with which the front 
face of the MOS device formed by the Salicide technique, i.e., a gate electrode, the source / 
drain field contains the MOS device constituted by the metal silicide layer, and its manufacture 
approach. 
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* NOTICES * 

JPO and NCIPI are not 1 responsible for any . 
damages caused by the use of this translation. 

1. This document has been translated by .computer. So the translation may not reflect the original 
precisely. 

2. ****. shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



TECHNICAL PROBLEM 

[A background technique and Object of the Invention] In recent years, the further high 
integration of a semiconductor integrated circuit and high performance-ization are aimed at, and 
detailed-izing of the component dimension of a device is being enhanced. Therefore, it is the 
situation which the width of face of the impurity, diffused layer which constitutes the source / 
drain field of an MOS transistor (a source field or drain field) with detailed-izing also cannot but 
become narrow, and also cannot but make the depth shallow. However, the sheet resistance of 
an impurity diffused layer goes up, and it becomes impossible to disregard it to channel 
resistance of a transistor consequently, and it makes the engine performance of a 
semiconductor integrated circuit fall in respect of delay etc. as the depth of the source / drain 
field becomes shallow. 

[0003] As opposed to such a problem, it is reference.; 

Institute of telecommunications engineers Editing: An LSI handbook, Ohm-Sha As it is in p401, 
the Salicide (salicide:self-aligned-silicide) technique which silicide-izes the front face of the gate 
electrode which consists of the source / a drain field, and polycrystalline silicon by self- 
alignment is useful. By using the Salicide technique, it becomes possible to achieve low 
resistance-ization of the source / drain field demanded with detailed-izing. 
[0004] However, reference; 

(1) Robert Beyers et.al.J.Appl.Phys.61 (11), 1987. As indicated by (2) Minoru Takahashi 
et.al.Ext.Abs.1993 SSDM and p458 grade For the high concentration impurity which exists in a 
gate electrode and the source / drain field, especially the arsenic used for an N-channel metal 
oxide semiconductor transistor Or a silicide-ized reaction is controlled for detailed-izing that the 
width of face of the source / drain field, and a gate electrode becomes thin, and it is known that 
sheet resistance will go up. 

[0005] As the cure, before forming silicide, the approach of carrying out the ion implantation of 
the arsenic to each front face of the gate electrode which consists of. the source /.a drain field, 
and polycrystalline silicon, making silicon amorphous, and forming the silicide of low resistance is 
learned. 

[0006] This kind of approach is reference.; 

(1) Wakabayashi ** ** — the Institute of Electronics, Information and Communication Engineers 
technical research report It is indicated by SDM94~173(2) I.Sakai et.al. Digest 1992 Symposium 
on VLSI Technlgy and p66 grade. In the technique indicated by these reference, after pouring in 
the impurity for making it a conductivity-type semi-conductor and being activated to the 
source / drain field, arid the gate electrode of a transistor, in order to make amorphous the front 
face of the source / drain field, and a gate electrode, an arsenic is poured in, and the method of 
forming a silicide layer after that is taken. 

[0007] However, if according to the technique which was expressed previously and which drives 
in an arsenic for the purpose of amorphous-izing the ion implantation of the arsenic is carried 
out all over a semi-conductor substrate in order to perform amorphous-ization,. said arsenic will 
become a counter dope to the impurity layer of the P type which boron diffused, and will reduce 
the concentration of the P type impurity of an impurity layer relatively. Moreover, in order to 
avoid it, it is necessary to perform patterning using a photoresist and to drive an arsenic only 
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into an N type field. However, in this approach, the number of sheets of the photo mask used for 
patterning at the time of a routing counter and an ion implantation increases, and it leads to 
increase of wafer processing cost. 

[0008] Then, this invention tends to solve such a technical problem and the place made into the 
purpose has it in offering the semiconductor device containing a MOS device with which the rise 
of the sheet resistance accompanying detailed-izing of the source / drain field, and a gate 
electrode was controlled, and its manufacture approach. 
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MEANS 

[Means for Solving the Problem] The manufacture approach of a semiconductor device 
concerning this invention is formed through an insulator layer on a semi-conductor substrate. It 
is formed into the gate electrode which consists of a conductive layer which contains silicon at 
least, and said semi-conductor substrate. It has the impurity diffused layer which constitutes a 
source field or a drain field. Said gate electrode and said impurity diffused layer are the 
manufacture approach of the semiconductor device containing the MOS device which has a 
metal silicide layer on a front face, and mind an insulator layer on the (A) aforementioned semi- 
conductor substrate. The process which forms the conductive layer which contains silicon at 
least, and the impurity which serves as a donor or an acceptor into the (B) aforementioned 
semi-conductor substrate are diffused. The process which forms the impurity diffused layer 
which constitutes a source field or a drain field, (C) by performing the process which forms at 
least the metal layer which can form silicide in the front face of said conductive layer and said 
impurity diffused layer, and (D) heat treatment The process which silicide-izes said metal layer is 
included. The process which pours in at least the atom which does not function on said 
conductive layer and said impurity diffused layer as a donor or an acceptor by the ion 
implantation before the process (C) which forms said metal layer is included. 
[0010] The semiconductor device of this invention manufactured by the manufacture approach 
of this invention The gate electrode which consists of a conductive layer which is formed 
through an insulator layer on a substrate and contains silicon at least, And it is formed into said 
semi-conductor substrate, and has the impurity diffused layer 1 which constitutes a source field or 
a drain field. And said impurity diffused layer contains the atom which does not function as the 
donor or acceptor introduced by the ion implantation other than the impurity used as a donor or 
an acceptor including the MOS device to which said gate electrode and said impurity diffused 
layer have a metal silicide layer on a front face. 

[0011] The semiconductor device of this invention namely, before the process (C) which forms 
the metal layer which can form silicide by the manufacture approach of this invention The 
specific atomic ion which does not function on each front face of the conductive layer which 
constitutes the gate electrode of a MOS device, and the impurity diffused layer which 
constitutes the source / drain field as a donor or an acceptor is poured in by the ion 
implantation. By making amorphous each front face of said conductive layer and an impurity 
diffused layer, the reactivity of the silicon which constitutes said each class can be raised, and 
silicide-ization can be ensured. Therefore, a good metal silicide layer can be obtained, without 
affecting high impurity concentration, since it does not become a counter dope to the impurity of 
the both sides of N type and P type while controlling the rise of the sheet resistance of a metal 
silicide layer, when the width of face of a gate electrode and an impurity diffused layer becomes 
thin with detailed-izing of a component, and when the depth of said impurity diffused layer 
becomes small. 

[0012] In the semiconductor device concerning this invention, and its manufacture approach, the 
atom which does not function as said donor or an acceptor has the desirable thing which is. 
chosen from at least one sort or the silicon, the germanium,, carbon, and tin of the rare gas 
chosen from an argon, a krypton, neon, helium, and a xenon and which is an argon preferably at 
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least one sort. 

[0013] Since these atoms do not function as a donor or an acceptor, the concentration of the 
donor or acceptor contained to the source / drain field is not affected. Moreover, since these 
atoms have moderate mass, they can make the silicon of a processed layer amorphous 
efficiently and certainly by the ion implantation. Moreover, in the semiconductor device and its 
manufacture approach of this invention, it is desirable for the crystal defect formed with the 
atom which does not function as said donor or an acceptor, or the crystal defect in which said 
crystal defect is formed in the process recovered by consecutive heat treatment to exist in said 
impurity diffused layer, namely, not to exceed outside the impurity diffused layer from which said 
crystal defect constitutes the source / drain field. Consequently, it becomes possible to make it 
the same level as the case where said ion implantation [ leakage current / which is generated by 
junction to an impurity diffused layer and a well ] aiming at amorphous-izing is not performed. 
[0014] For that purpose, it is desirable for the crystal defect which produces the acceleration 
energy at the time of the ion implantation aiming at amorphous-izing by the atomic ion which 
does not function as a donor or acceptors, such as argon ion, by the ion implantation, or the 
crystal defect formed at the process recovered by heat treatment of consecutiveness of the 
crystal defect to make it conditions which do not exceed the depth of the impurity diffused layer 
of the source / drain field of a MOS device. 

[0015] Moreover, since according to the manufacture approach of this invention the specific 
atom introduced by the ion implantation for amorphous-izing does not change the high impurity 
concentration of the impurity diffused layer of the source / drain field as mentioned above, in 
manufacture of the semiconductor device containing an N channel and the MOS device of a P 
channel mold, said ion implantation can be performed to coincidence in the MOS device of N 
type and P type. Therefore, the mask formation process for avoiding a counter dope is not 
needed, but the ion implantation of the atomic ion which does not function as a donor or an 
acceptor can be performed all over a wafer. 

[001 6] as state above, it be in the condition did not become a counter dope to the impurity of 
the P type contain to the source / drain field, or N type, therefore a condition controlled the 
concentration of said impurity correctly, and, according to the semiconductor device and its 
manufacture approach of this invention, silicide-izing with a good impurity diffused layer be 
possible by perform amorphous-ization of silicon by the ion implantation of the atomic ion which 
do not function as a donor or acceptors, such as an argon ion. 

[0017] Moreover, by performing amorphous-ization of silicon by the ion implantation of the 
atomic ion which does not function as a donor or an acceptor Since it does not become a 
counter dope to the impurity of the P type contained to the source / drain field, or N type Since 
it becomes possible to make amorphous each front face of the single-crystal-silicon layer which 
is the polycrystalline silicon layer, and the source / drain field which is a gate electrode by 
carrying out an ion implantation to coincidence on the whole wafer surface, It is not necessary 
to add a photograph process and to have good control of striking. ion in any direction, and it 
becomes possible to reduce wafer processing cost. 

[0018] When the semiconductor device of this invention is especially used for the product of a 
dc-battery power-source drive like a pocket device, for example, a cellular phone, a notebook 
computer, an electronic notebook, a pager, and a pocket game, while reducing the sheet 
resistance of a MOS device, junction leakage current can be controlled, therefore the current at 
the time of standby can be made small, and it enables prolongation-of-lifeHzatibn of a battery 
life to measure. 
[0019] 

[Embodiment of the Invention] Hereafter, the gestalt of typical operation of this invention is 
explained more to a. detail, referring to a drawing. 

[0020] (Gestalt of the 1 st operation) The sectional view in which drawing 5 shows an example of 
the semiconductor device of this invention typically, drawing 1 - drawing 4 are the sectional 
views showing typically an example of the manufacture approach of the semiconductor device 
shown in drawing 5 in order of a process. 

[0021] The gestalt of this operation shows the example which applied this invention to the 
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semiconductor device containing an N-channel metal oxide semiconductor component. 
[0022] The semiconductor device shown in drawing 5 Gate oxide 104 is minded on a diffusion 
layer 102, the component isolation region 103 formed on said silicon substrate, and said silicon 
substrate 101. the P type formed in a silicon substrate 101 and this substrate 101 — a well — 
the formed gate electrode 105, the sidewall spacer 106 formed in both the sides of this gate 
electrode 105, and said well — it is constituted including the source / drain fields 107a and 107b 
containing the N type impurity formed into the diffusion layer 102. 

[0023] And N type impurities, such as Lynn, are doped by polycrystalline silicon, said gate 
electrode 105 is formed in it, and 1st metal silicide layer 1 10a is further formed in the front face 
of this gate electrode 105. Moreover, 2nd metal silicide layer 110b is formed in the front face of 
said source / drain fields 107a and 107b. 

[0024] Furthermore, the atom which does not function as the donor or acceptor introduced by 
the ion implantation, for example, an argon, exists in said 1st and 2nd metal silicide layers 1 10a 
and 1 10b. Although this atom is explained in full detail behind, in order to promote silicide-ization, 
the atom doped by said gate electrode 105, and the source / drain fields 107a and 107b by the 
ion implantation remains. 

[0025] The semiconductor device shown in drawing 5 can be manufactured according to the 
following processes shown in drawing 1 - drawing 4 . 

[0026] (1) Form the 1st silicon oxide in an oxygen ambient atmosphere on a silicon substrate 101 
first, next, a well — in order to form a diffusion layer, a photoresist is applied, patterning is 
performed using the projection exposing method, and a mask is formed, subsequently, the 
thermal diffusion method after pouring in boron using ion-implantation and removing said 
photoresist — using — P type — a well — a diffusion layer 102 is formed. Then, after forming a 
silicon nitride with a CVD method, a photoresist is applied, patterning of said photoresist is 
carried out, and only the part which forms a component isolation region in said 1st silicon oxide 
removes said silicon nitride in dry etching. Next, after removing said photoresist, the component 
isolation region 103 which consists of silicon oxide by making a mask oxidize said silicon nitride 
thermally in an oxygen ambient atmosphere is formed. 

[0027] Subsequently, a phosphoric acid etc. removes said silicon nitride, it oxidizes thermally 
further for the impurity removal on the front face of a substrate before formation of gate oxide, 
and the 2nd silicon oxide is formed. Then, after etching removes said 2nd silicon oxide, gate 
oxide 104 is formed using the oxidizing [ thermally ] method. Next, a polycrystalline silicon layer 
is formed using a CVD method, after applying and carrying out patterning of the photoresist, dry 
etching is performed, the gate electrode 105 is formed, and said photoresist is removed ( drawing 
1). 

[0028] (2) Next, perform dry etching and form the sidewall spacer 106, after using a CVD method 
and forming an oxide film, in order to prevent the short-circuit between the gate electrode- 
source / drain field after silicide. Next, in order to pour in formation of the source / drain field of 
an N-channel metal oxide semiconductor transistor, and the impurity to the inside of the gate 
electrode 105, a photoresist is applied, and patterning is carried out so that opening may be 
formed in the part equivalent to the field which forms an N-channel metal oxide semiconductor 
transistor. Next, while pouring in N type impurities, such as an arsenic, with ion-implantation and 
forming the source / drain fields 107a and 107b which are high-concentration N type diffusion 
layers, respectively, an impurity is introduced into said gate electrode, 105, and said photoresist 
is removed after that. Next, in order to activate the poured-in impurity, it heat-treats in 
nitrogen-gas-atmosphere mind ( drawing 2 ). 

[0029] (3) Next, after removing the natural oxidation film which exists in each front face of the 
gate electrode 105, and the source / drain fields 107a and 107b, in order to make amorphous 
each front face of the gate electrode 105, and the source / drain fields 107a and 107b, pour in 
argon ion. The depth of the source / drain fields 107a and 107b of the acceleration energy at 
this time is 0.2 micrometers. In the case so that heat treatment for 20 minutes may be 
performed at 800-900 degrees C after an argon ion implantation 15 or less keVs are desirable so 
that the crystal defect formed with the poured-in argon ion or the crystal defect in which the 
crystal defect is formed in the process recovered by consecutive heat treatment may not 
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exceed. the depth of the source / drain fields 107a and 107b. Thus, the amorphous fields 108a 
and 108b are formed in each front face of the gate electrode 105, and the source / drain fields 
1 07a and 1 07b ( drawing 3 ). 

[0030] It is important by carrying out the ion implantation of the specific ion, such as argon ion, 
to each front face of said gate electrode 105, and the source / drain fields 107a and 107b at this 
process to promote amorphous-ization of silicon. However, it is desirable to make it the crystal 
defect formed with said specific atomic ion, such as the crystal defect which crosses the 
source / drain field by this ion implantation, i.e., an argon etc., or the crystal defect in which said 
crystal defect is formed in the process recovered by consecutive heat treatment not exceed 
outside said source / drain fields 107a and 107b. consequently, the source / drain field, and a 
well — it becomes possible to make it the same level as the case where said ion implantation 
[ leakage current / which is generated by junction to a diffusion layer ] aiming at amorphous- - 
izing is not performed. For that purpose, it is desirable to set the acceleration energy at the time 
of the ion implantation by the atomic ion which does not function as a donor or acceptors, such 
as argon ion, as conditions on which said crystal defect does not exceed the depth of the 
impurity diffused layer of the source / drain field. 

[0031] (4) Next, form the metal layer 109 which consists of the metal layer which can form 
silicide using a spatter, for example, titanium, cobalt, nickel, a tantalum, platinum, or these alloys 
( drawing 4 ), heat-treat using lamp ANIRA, such as halogen lamp ANIRA, after that, and form the 
metal silicide layers 110a and 11 0b . in the front face of the gate electrode 105, and the source / 
drain fields 107a and 107b by self-alignment. Subsequently, selectivity etching is performed and 
the unreacted metal layer on the sidewall spacer 106 and the component isolation region 103 is 
removed ( drawing 5 ). 

[0032] As stated above, it sets to the manufacture approach of this invention. On each front 
face of the source / drain fields 107a and 107b which consists of a gate electrode 105 which 
consists of polycrystalline silicon before the process (4) which forms the metal layer which can 
form silicide, and an N type impurity diffused layer By pouring in the specific atomic ion which 
does, not function as a donor or an acceptor by the ion implantation, and having the process (3) 
which makes said each front face amorphous The reactivity of the silicon which constitutes each 
class of said gate electrode 105, and the source / drain fields 107a and 107b which consist of an 
N type impurity diffused layer can be raised, and silicide-ization can be ensured. Therefore, when 
the width of face of a gate electrode and the source / drain field becomes thin with detailed- 
izing of a component, and when the depth of said source / drain field becomes small, it also sets. 
A good metal silicide layer can be obtained without affecting high impurity concentration in the 
source / drain field containing an N type impurity, especially the arsenic which is easy to check 
silicide-ization, while controlling the rise of the sheet resistance of a metal silicide layer. 
Moreover, since the ion kind to pour in is the argon which is not the impurity of an arsenic, N 
type, such as Lynn and BF2, or P. type, it does hot become a counter dope to other impurities. 
[0033] In addition, in the gestalt of the above-mentioned implementation, although N-channel 
metal oxide semiconductor tolan JISHITA was described, it cannot be overemphasized that this 
invention can be applied similarly and can attain the same function also about a P channel MOS 
transistor if the point that a conductivity type is mainly reversed polarity is removed. 
[0034] Next, the example of an experiment performed in relation to the MOS device concerning 
the gestalt of this operation is explained. 
[0035] (Example of an experiment) 

(1) The sample was formed according to the process which carried out the SIMS above- 
mentioned, and it asked for the profile of each atom of the direction of thickness of a sample 
according to the secondary ion mass spectrometry (SIMS) by the exposure of primary caesium 
ion. The result is shown in drawing 6 . As for the sample used for measurement, the 
polycrystalline silicon layer (220nm) the silicon oxide (10nm) which is gate oxide, acceleration 
energy 50keV, and 4x1015 doses /are [ cm ] 2, and are [ layer ] the gate electrode with which 
the arsenic was doped, and a titanium silicide layer (70-80nm) are formed on a silicon substrate. 
And in case this sample is formed, argon ion is poured in with the acceleration energy of 10keV 
(s) by said process (3). 
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[0036] It was checked that the peak of an argon is in its layer near the front face of the titanium 
silicide layer which is the maximum upper layer from drawing 6 . ■ 

[0037] (2) The line breadth dependency of the sheet resistance of a gate electrode which the 
existence of impregnation of argon ion exerts on effect drawing 7 which impregnation of argon 
ion exerts on the sheet resistance of a gate electrode is compared and shown. In drawing 7 , an 
axis of abscissa shows the line breadth of the metal silicide layer of a gate electrode, and an- axis 
of ordinate shows the sheet resistance of the gate electrode . of electrical-potential-difference 
3.3V. Moreover, the sample concerning this invention has the same configuration fundamentally 
with having used by measurement of the above (1), and two or more sorts of things from which 
the line breadth of a titanium silicide layer differs were used for it. The sample for a comparison 
is the same as that of what there is no impregnation of argon ion, and also starts this invention. 
[0038] From drawing 7 , by performing amorphous-ization of a gate electrode surface by the ion 
implantation using argon ion shows that sheet resistance is remarkably small in the range where 
the line breadth of the titanium silicide layer of a gate electrode is wide compared with the case 
where argon ion is not poured in. Moreover, when the line breadth of the titanium silicide layer of 
a gate electrode became small, it was checked that the effectiveness of suppressing the rise of 
sheet resistance is large. 

[0039] (3) The line breadth dependency of the sheet resistance of the source / drain field which 
the existence of impregnation of argon ion exerts on effect drawing 8 which impregnation of 
argon ion exerts on the sheet resistance of the source / drain field is compared and shown. In 
drawing 8 , an axis of abscissa shows the line breadth of the titanium silicide layer of the 
source / drain field, and an axis of ordinate shows the sheet resistance of the source / drain 
field of electrical-potential-difference 3.3V. Moreover, the sample concerning this invention has 
the same configuration fundamentally with what was used by measurement of the above (1), and 
two or more sorts of things from which the line breadth of a titanium silicide layer differs were 
used for it. Acceleration energy 50keV and 4x1015 doses /are [ cm ] 2, and, as for the source / 
drain field, an arsenic is doped. 

[0040] From drawing 8 , by performing amorphous-ization of the source / drain field front face 
by the ion implantation using argon ion shows that sheet resistance is small in the range where 
the line breadth of the metal silicide layer of the source / drain field is wide compared with the 
case where argon ion is not poured in. 

[0041] (4) The acceleration energy of argon ion shows the effect which it has on junction 
leakage current to effect drawing 9 which the acceleration energy of an ion implantation exerts 
on junction leakage current. In drawing 9 , an axis of abscissa shows the impregnation energy of 
argon ion, and an axis of ordinate shows the leakage current of electrical-potential-difference 
3.3V. The sample used for measurement is the same as that of what was used by -measurement 
of the above (3X Moreover, 41472 micrometers of area of the evaluated area are 2, and the 
circumference length of area is 864 micrometers. 

[0042] the acceleration energy at drawing 9 to the time of an argon ion implantation — when it 
becomes large, it turns out that junction leakage current also becomes large. Therefore, as for 
the acceleration energy at the time of an ion implantation, it is desirable to be set up so that 
junction leakage current may not exceed a predetermined value. That is, since it is thought that 
junction leakage current increases when the crystal defect produced by the ion implantation or 
the defect in which the crystal defect is formed in the process recovered by consecutive heat 
treatment crosses the source / drain field, as for the acceleration energy at the time of an ion 
implantation, it is desirable to be set up so that these crystal defects may not cross the 
source / drain field. 

[0043] For example, as shown in drawing 9 , it is possible by setting the acceleration energy at 
the time of an ion implantation as the suitable range (15 or less keVs) to hold down to the 
leakage current of the case where argon ion is not being poured in, and this level. However\ since 
the optimum value changes with components, acceleration energy cannot generally limit the 
value. 

[0044] (5) A crystal defect shows the effect which it has on junction leakage current to effect 
drawing 10 which a crystal defect exerts on junction leakage current. In drawing 10 , an axis of 
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abscissa shows the thermal wave signal for which it asked by the thermal waving method, and an 
axis of ordinate shows the junction leak current value of electrical-potential-difference 3.3V. 
According to the thermal waving method, the quantum of the damage generated in the silicon 
substrate can be carried out indirectly, and the crystal defect in silicon can be evaluated. The 
sample of a fundamental configuration used for measurement is the same as that of what was 
used for measurement of the above (4), and drives it. in on the conditions which change an argon 
with ion implantations. The placing conditions of an argon are as follows. 
[0045] a. Dose; the same sign shows [ in / 3x1014 pieces // 2, acceleration energy;10keVb. 
dose;1x1015 piece/cm2, acceleration energy;1 OkeVc. dose;3x10l4 piece/cm2, and acceleration 
energy;30keV drawing 10 ] the thing corresponding to the placing conditions of the above- 
mentioned argon cm. In addition, the thermal wave signal shown in the axis of abscissa of 
drawing 1 0 measures not using the sample which measured junction leakage current but using 
the sample which carried out the ion implantation of the argon on. above-mentioned a-c and the 
same conditions at BEASHIRIKON. Moreover, 250000 micrometers of area of the area which 
evaluated junction leakage current are 2, and the circumference length of area is 2000 
micrometers. 

[0046] Drawing 10 shows that junction leakage current becomes large as the value of a thermal 
wave signal becomes large. It shows that junction leakage current becomes large as the crystal 
defect of this increases. 

[0047] (Gestalt of the 2nd operation) Drawing 14 is the sectional view which applied this 
invention to the CMOS device and in which showing the gestalt of other operations typically, and 
drawing 1 1 - drawing 13 are the sectional views showing typically the production process of the 
. semiconductor device shown in drawing 14 . 

[0048] The semiconductor device shown in drawing 14 can be manufactured according to the 
following processes shown in drawin g 1111 - drawing 13 . 

[0049] (1) Form a twin well by the approach usually used first. That is, the 1st silicon oxide is 
formed in an oxygen ambient atmosphere on a silicon substrate 101. next, a well — in order to 
form a diffusion layer, a photoresist is applied, patterning is performed using the projection 
exposing method, and a mask is formed. Subsequently, Lynn is poured in using ion-implantation 
and said photoresist is removed, next, P type — - a well — in order to form . a diffusion layer, a 
photoresist is applied, patterning is performed using the projection exposing method, and a mask 
is formed. Subsequently, boron is poured in instead of Lynn using ion-implantation, and said 
photoresist is removed, then, a thermal diffusion method — using — N type — a well — 
diffusion layer 102b and P type — a well — diffusion layer 102a is formed. 

[0050] Subsequently, after forming a silicon nitride with a CVD method on the 1st silicon oxide, a 
photoresist is applied, patterning of said photoresist is carried out, and only the part which forms 
a component isolation region in said 1st silicon oxide removes said silicon nitride in dry etching. 
Next, after removing said photoresist, the component isolation region 103 which consists of 
silicon oxide by making a mask oxidize said silicon nitride thermally in an oxygen ambient 
atmosphere is formed. 

[0051] Subsequently, a phosphoric acid etc. removes said silicon nitride, it oxidizes thermally 
. further for the impurity removal on the front face of a substrate before formation of gate oxide, 
and the 2nd silicon oxide is formed. Then, after etching removes said 2nd silicon oxide, gate 
oxide 104a and 104b is formed using the oxidizing [ thermally ] method. Next, a polycrystalline 
silicon layer is formed using a CVD method, after applying and carrying out patterning of the 
photoresist, dry etching is performed, gate electrode 105a of an N-channel metal oxide 
semiconductor transistor and gate electrode 105b of a P channel MOS transistor are formed, 
and said photoresist is removed. 
~~[0052]~Next, in order to carry out short prevention between the gate electrode-source /"drain 
field after silicide, after using a CVD method and forming an oxide film, dry etching is performed 
and the sidewall spacer 106 is formed. Next, in order to pour in formation of the source / drain 
field of an N-channel metal oxide semiconductor transistor, and the impurity to the inside of gate 
electrode 105a, a photoresist is applied, and patterning is carried out so that opening may be 
formed in the part equivalent to the field which forms an N-channel metal oxide semiconductor 
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transistor. Next, while pouring in N type impurities, such as an arsenic, with ion-implantation and 
forming the source / drain fields 107a and 107b which are high-concentration N type diffusion 
layers, respectively, an impurity is introduced into said gate electrode 105a, and said photoresist 
is removed after that. 

[0053] Similarly, in order to. pour in formation of the source / drain field of a P channel MOS 
transistor, and the impurity to the inside of gate electrode 105b, a photoresist is applied, and 
patterning is carried out so that opening may be formed in the part equivalent to the field which 
forms a P channel MOS transistor. Next, while pouring in P type impurities, such as boron, with 
ion-implantation and forming the source / drain fields -107c and 107d which are high- 
concentration P type diffusion layers, respectively, an impurity is introduced into said gate 
electrode 105b, and said photoresist is removed after that. Next, in order to activate the 
poured-in impurity, it heat-treats in nitrogen-gas-atmosphere mind ( drawing 1 1 R> 1).. 
[0054] (2) Next, after removing the natural oxidation film which exists in each the gate 
electrodes 105a and 105b (105), and fields. [the source / drain fields / 107a, 107b, 107c, and 
107d (107) ] front face, in order- to make amorphous each front face of said gate electrode 105, 
and the source / drain field 107, pour in argon ion. The acceleration energy at this time has 15 
or less desirable keVs so that the depth of the source / drain field 107 is 0.2 micrometers, and 
. the crystal defect formed with the poured-in argon ion or the crystal defect in which that crystal 
defect is formed in the process recovered by consecutive heat treatment may not exceed the 
depth of the source / drain field 107, when performing heat treatment for 20 minutes at 800-900 
degrees C after an argon ion implantation. Thus, the amorphous fields 108a and 108c are formed 
in each front face of the gate electrodes 105a and 105b, and the amorphous fields 108b and 
108d are formed in each the source / drain fields, 107a and 107b of N-channel metal oxide 
semiconductor tolan JISHITA, and fields [ of P channel MOS tolan JISHITA / the source / drain 
fields / 107c and 107d ] front face ( draw ing 12 R> 2). 

[0055] As mentioned above at this process, it is important for each front face of said gate 
electrode 105, and the source / drain field 107 by carrying out the ion implantation of the 
specific ion, such as argon ion, to promote amorphous-ization of silicon. However; it is desirable 
to make it the crystal defect formed with said specific atomic ion, such as the crystal defect 
which crosses the source / drain field 107 by this ion implantation, i.e., an argon etc., or the 
crystal defect in which said crystal defect is formed in the process recovered by consecutive 
heat treatment not exceed outside said source / drain field 107. consequently, the source / 
drain field, and a well — it becomes possible to make it the same level as the case where said . 
ion implantation [ leakage current / which is generated by junction to a diffusion layer ] aiming at 
amorphous-izing is not performed. For that purpose, it is desirable to set the acceleration energy 
at the time of the ion implantation by the atomic ion which does not function as a donor or 
acceptors, such as argon ion, as conditions on which said crystal defect does not exceed the 
depth of the impurity diffused layer of the source / drain field. 

[0056] And a mask formation process to avoid [ for that it is characteristic at this process to be 
able to perform an ion implantation with a blanket to coincidence, i.e., the whole wafer surface, to 
the MOS transistor of an N channel and a P channel, since the atomic ion which does not 
function as a donor or an acceptor, for example, argon ion, is used for the ion implantation for 
amorphous-izing and ] a counter dope is not needed, but it becomes possible to reduce wafer 
processing cost. 

[0057] (3) Next, the metal layer which can form silicide using a spatter, for example, titanium, 
cobalt, nickel, a tantalum, or platinum, Or form the metal layer 109 which consists of these alloys 
( drawing 13 ), and it heat-treats using lamp ANIRA, The metal silicide layers 1 10a and 1 10c are 
formed in each front face of the gate electrodes 105a and 105b. The metal silicide layers 110b 
and 110d are formed in each the source / drain fields 107a and 107b of N-channel metal oxide 
semiconductor tolan JISHITA, and fields [ of P channel MOS tolan JISHITA / the source / drain 
fields / 107c and 107d ] front face by self-alignment. Subsequently, selectivity etching is 
performed and the unreacted metal layer on the sidewall spacer 106 and the component isolation 
region 103 is removed ( drawing 14 R> 4). 

[0058] As stated above, it also sets in the gestalt of this operation. Like the gestalt of said 
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operation On each fields [ which consist of the gate electrode 105 which consists of 
polycrystalline silicon before the process (3) which forms the metal layer which can form silicide 
and N type, or a P type, impurity diffused layer / the source / drain fields 107a, 107b, 107c, and 
107d ] front face By pouring in the specific atomic ion which does not function as a donor or an 
acceptor by the ion implantation, and having the process (2) which makes said each front face 
amorphous The reactivity of the silicon which constitutes the source / drain fields 107a, 107b, 
107c, and 107d which consist of said gate electrode 105 and N type, or a P type impurity 
diffused layer can be raised, and silicide-ization can be ensured. Therefore, a good metal silicide 
layer can be obtained, without affecting the concentration of the impurity of the N type 
contained to the source / drain field, or P type, while controlling the rise of the sheet resistance 
of a metal silicide layer, when the width of face of a gate electrode and an impurity diffused layer 
becomes thin with detailed-izing of a component, and when the depth of said source / drain field 
becomes small. Moreover, since the ion kind to pour in is the argon which is not the impurity of 
an arsenic, N type, such as Lynn and BF2, or P type, it does not become a counter dope to the 
impurity of N type or P type. , 

[0059] As mentioned above, although this invention was explained based on the gestalt of 
operation, it cannot be overemphasized that modification various in the range which does not 
deviate from the summary is possible for this invention, without being limited to the gestalt of 
the above-mentioned implementation. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the sectional view showing typically one process of the manufacture approach 
of the semiconductor device concerning the gestalt of operation of the 1st of this invention. 
[Drawing 2 ] It is the sectional view showing typically one process of the manufacture approach 
of the semiconductor device concerning the gestalt of operation of the 1st of this invention. 
[ Drawing 3] It is the sectional view showing typically one process of the manufacture approach 
of the semiconductor device concerning the gestalt of operation of the 1st of this invention. 
[Drawing 4] It is the sectional view showing typically one process of the manufacture approach 
of the semiconductor device concerning the gestalt of operation of the 1 st of this invention. 
[ Draw ing 5] It is the, sectional view showing typically the semiconductor device obtained by the 
manufacture approach shown in drawing 1 - drawing 4 . 

[Drawing 6] It is drawing showing the spectrum of SIMS for which it asked about the sample of 
the semiconductor device concerning the gestalt of operation of the 1st of this invention. 
[Drawing 7] It is drawing for which it asked about the sample of the semiconductor device 
concerning the gestalt of operation of the 1st of this invention, and the sample for a comparison 
and in which comparing and showing the relation between the line breadth of the metal silicide 
layer of a gate electrode, and sheet resistance. 

[Drawing 8] It is drawing for which it asked, about the sample of the semiconductor device 
concerning the gestalt of operation of the 1st of this invention, and the sample for a comparison, 
and in which comparing and showing the relation between the line breadth of the metal silicide , 
layer of the source / drain field, and sheet resistance. 

[Drawing 9] It is drawing showing the relation between the impregnation energy of argon ion, and 
junction leakage current. 

[Drawing 10] It is drawing showing the relation of the thermal wave signal and junction leakage 
current which were acquired by the thermal waving method. 

[Drawing 1 1] It is the sectional view showing typically one process of the manufacture approach 
of the semiconductor device concerning the gestalt of operation of the 2nd of this invention. 
[Drawin g 12] It is the sectional view showing typically one process of the manufacture approach 
of the semiconductor device concerning the gestalt of operation of the 2nd of this invention. 
[Drawing 13] It is the sectional view showing typically one process of the manufacture approach 
of the semiconductor device concerning the gestalt of operation of the 2nd of this invention. 
[Dr awing 14 ] It is the sectional view showing typically the semiconductor device obtained by the 
manufacture approach shown in drawing 1 1 - drawing 13 . . 
[Description of Notations] 

101 Silicon Substrate 

102 Well — Diffusion Layer 

103 Component Isolation Region 

104 Gate Oxide 

105 Gate Electrode 

106 Sidewall Spacer 

107 Source / Drain Field 
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108 Amorphous Field 

1 09 Metal Layer 

110 Metal Silicjde Layer 
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(54) KSW©=S»] MOS^£W^S#gB£<fcr^©®^& 



(57) imm (*ke*> 
[ ana ] y- mm k v k w 

1102, £«±te*^a*1Stt 1 0 3 £J&£U *fc 
f&IKIR 10 4 LT ^'J3 y £-£*fS£^J!j&> * 
- httffi 10 5. -tWUfflteffllStX^-ir 106$: 

mm-h. mz^^imm 1 o 2+fc:Ns^««j^*£ 

Uc£-l2\ 7-X/KW^g*£l0 7a. 1 0 7 b 

. msnu i o 4 1 o 7 

BSfcH-/tyhfc UT«i8L ! 5rV*Ar*Krflepfc-r:t 
i . N i &OffilL£&M 10 9^7 



110a 106 110b 



107a 




104 105 107b 



(2) 
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^^V^iT^-fer^hLT^L^V^Jl^^. MO 

[tt^3S2] m&mnz&^x. 

ii. T)V3y, ?V7°h>, ^y!7At3j:I^f 

mis h* i—$> h v ^j±r 9 -fer * t LTffitg uarvxam: 

«**v«HW 4^l«!|lrt£IWl*W 
L. 2>*o. «rSBy-h«Sfe«ttmCft*l6IWBJ4f5iii^ 

(b> «nE#mE*fflR4iteH'*— *&wir?-fe:r*i: 
( d ) mmmzu oztizx*), m&mMO'V w 

( C ) «fc Offirfc. *J*fir< k t> „ «rsa««fc itmiE^ 

late h i— h h \ 9 9 1 Lxmm lstv ^m=f 
ii. Tfr-dv. ^yrhv, ^M-y, ^y J: r** 



ft&^SKi: VIST'S) 6. MO S*?-&-£ttfmWfc8S 

[W#JB7] lf^4-6cOV>-m7&HcfcV^T. 
SifCfcv^, PTOfcfrfcfi*, MOS5g^£-£tf¥ 

[000 1] 

immm-t&mitom] -9-y-»M HS»tc 

[0002] 

mffl-fktc#v>MOs f^yy^^y-VKi/ 
-f (y-^««*4v>iiHW>i«) 

[0003] -eoJ: 3 &l8JHtz*f LT. Jti: iJf^iSR ; 
«MiIfl^ I:LSlAyKA^, ^-Aft P 4 
01 

•*M Yit~th. y-V-yj h"(salicide:self-aligned-sil 

icide)aas*ftg-fl3-c*s. ^u^-f Ha»*Mv^*ik 
icio-c. ®mmzft-3xm#zti& , v-vkw 

[0004 3 L*»L$r**£. ; 
( 1 ) Robert Beyers et. al. J.Appl. Phys. 61 (11). 
1987. 

(2) Minoru Takahashi et.al. Ext. Abs. 1993 SSDM, 
P458 

mzfflTjk-ztix^&xoiz^ y-hnmtiiivv-A/ 
fw ymmzmet&mm&Fiim. mz^^^ 

uosh? yiSxfizm^^ti&tmcofzMz. £>£^ 



(3) 
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[00 05] ZcOttmt LX. Hfc»J*W-*ll 

y k -c >^JS*3 #tt u ^ 

t 0 0 0 6 ] i£0SO^{±. ; 

( i ) s m^tfffgaft^^sffiw^fRs 

SDM94- 1 7 3 

( 2 ) I.Sakai et.al. Digest 1992 Symposium on VLSI 
Technlgy, p66 

«>3iiE£#AW-(M- 4fc*>£ t X*&A L . fofly'J 

[0 0 07] U*»U**»4>. *fcifi^:. #A«4fc«rl 
Wk L-Cb**fl--featra»tcJ:^W. JHHHfcfcfT a 
^»C¥i#lS^Btt **>f rty&A-rs k , mr 

^LT^^y^-K-Tk^oTLiVK ^msm<DP 

m^me>mm*ttttMiz{8;T2-txL£o. * 
[0008] -eiT\ *?%mz. z^xo^mm^Mm 

-X/YVA yMm&£V?-hWMcOffliMittzftois 

- hmmntmmuztiti , mo s*^£-$tf¥*tt 

[0009] 

H^)»JS*1£<is ¥i*ttS«tf>±C. ffi^M^^LT^ 

m^w&umx'h ot. < a ) iffiE¥3*Kas««>± 

( b ) mi^m^mwL^nz k-*-- a* 
v^ir^-fe7 , ^k**^«!i*^jftU[ixT. y-*««* 

Xg . ( C ) il«fir < k . B?f B Wf «t X/mm^mn 
tmmnmatz * is V K L 3 6 &KJB Sr Jftig 
•*-«XS, tsitf ( D ) i k icJ: 0 . fiufB 

AlWSrS'yiM K-fti-^XS, KT8B&JM 



*JBJ«^«XS (C) iOmfC ^<kt>. HufH^m 
M&X xmiE^Wmh^M lz , :*y&Afc «t K-f 

[ooio] *»^wasri£tc ±r>T«aasn^. * 

£fu ^<kt,^U3y**tt»«Ji* 1 '5> 3 Srft* , -h 

its. a xx/. mR*m#m&tz&i&ztL* v-xm 

^*6i|W£fiWHi. H-^- fcftv^ir^-fer^k'SrS'Rffi 

[0011] -T =Sr*>-fe. ^fB^^NWtMWU 
nWmffilklzX «3 . i/U^-f h**»j«Ld&^»l^ 
J£-T&X?I (C) iOWfc, MOSfW-btSf 

k Ltli l^rv^oi^ ^ ^-y^^f ^ytAC i o 
^ H H H ®-fb^S i k tcJ: 0 , «riB#«*«J3W* s^U a v 

E^U-^-f KScO^- bStjt^±#^WJf * k k 
K-7°k^^=5r^c7)T\ ^fe^Jg^^Sr-^^. £ -I k 
[0012] *f^(cffi«^mfM« J:^oiefcisr 

mza^x\$, mzvi—h&w&T7*:7°?b lxw. 
V£.&£x/*±syfrt>mR2ti&%itfwJ?%< b 
xfrbmsR$tL&'j?%<bi>im. nzLKitTj^y 

Tb&z:bimZU\ 

[0013] Z\tlt>com?te. h*^-£>6 WiT^-bT* 
^ktT»iBL*v^T. y-xXHl^-f yflWSfc** 

bzuzTr-by-fb LxmrnL^m^izx v&f&z 
titzm&xm. £wm%mikxmmm<Dmmiz£ 
^x®t%?&mmx*Bmzti&&i , e xmfiK m&rtm 

*^zbi>m&u\ *<rtem. yfwmm.mb^)v 



(4) 
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[0014] .tofcabfcwu T)V3yA j-yKcb'co Kt- 
-i&SV^iT^-feT^k LTmSgt^V^^jj-^ti 

A50«WttW«!MBlte J: -> T BUT*-* IgT«£fi 
4 &A KRBj&S* M O S SFptf) V-X/FU^f yffl&&F 

[ o o 1 5 ] t tc, i&mvw&jmziitiii. m&L 

*^«»«K££Mfc$tf.& Z b tf%^<DX\ Nf-** 
Kitfcfewc, ijirlE-ftfy&Ali. NM&it/PS^M 

Wk*tf. \ i j—$>&WiT?-ky'?tLX®mL%^ 

Wf-A *y?>A Jry&xzv^okmx'fto zbtfx- 

[0016] JSLh3«^fcJ: a fc, :*3%«fl<9¥$*ftSSB*$ 

-** v^sr^-fer^ k LT&tgL&vwiM *y<QA 
* y&Mz ioty'J 3 XDft&mtZ'n dZbizX 

k>. v-x/vuA ym®iziz£ti&pm.b&wiNm 

<7)^Wfalz1$ \,Xi]*7y9—Y—ybts:hZb tfitz < - 
Ltzif^X . mittimcommz lEmz ayh u-)V L 

[0017] h'^-fcM^iT^-fer^k LTUt 

IS L^rv^-f y&Afc i T x 'J r? ^ 

tih pm$)h\mNmcr>^mmzMLx^^y^- v- 

Tbtp&Zbifitc^<7)X\ V^&ffilZtS^xmtiflzA 
*y&A-?Z>Zblz£->X. f-bflt'fc^Way 

vaymnkw-^/wA ymm-h&ma&i'V 

3yM&&$m&lHktt<!ctl> Zbb^mb^htzfr. 

hxmzmMLA*yzn-hM?&<&m&%<. *? 

[0018] mis xmwmtmKtmmm* fc 
bx.\is tuns, y-h^yrzy s tm 

(Dm^zmmifzi^s Mosi^y-Ma^fi« 

k b i> te. 'J IWW Sik . 

-I k *«Tffik =5r 4 . 
[00 19] 



[0020] (mi ommoBB) H5(4. #$&Hji?)¥ 
[0021] *m&<?>mmx'iZs #fHn&Nf-ir*;wM 

[0022] M5 lz5rrt¥-mimm.l&s i> V a l 

0 1 % ^ic7)SMl 0 1 rttc^$n^PM^x;pj£fcJi 
10 2. ffiffB^UnyS^kt^^ii^^SI^ 
10 3. WE^ V ^ 1 0 1 ±tcy- MWUR 1 0 

4^u-cjgjs?n^y-M8ffiio5, zn-y-vw. 

110 5<r>m-*rA FlZ&f&Ztifz-VA Y^7^-)VX^.- 
t-106, *J il^nriE^MftllWi 10 2 >fi(c^A$ 
^NlMJftfV-VHl/^ >il«l 0 7 afc 
ilXl 0 7 ^t?«J«Sit*. 
[0023] LT . mflBv-'- 1 0 5 Ji % ^ H B B 

fi. ;oy-Mii o scvmmizit. mi& 

m^V-TA Kill 1 0 aWI&mZtLX^h. ttZs B0l£ 
V — X/ H ly-f 107a. 107b 

lis 2 u t'fh'iiiob tfm&ztix h . 

[0 024] $4>tC. 1We»li3Jtfl|S2£*i'!JlM 
K1110 atJi^l 1 Obttt, A^y^X\Zi.-oX 

VW, fckitfT^>'36«Sq£*t*. m 

-MBffil 0 5H&W-*/V\sAym£l 0 7a, 

1 0 7 b tc-f ^-vaAtc J; oT H-7"S*tfcaWBIo 

tzi><r>X'hh. 

[ o o 2 5 ] m 5 tc^r^mwwaitt. tz t mm 1 ~ 

04 , awn-t^K i o TSS^T S i k **T' 

[0026] < i ) i/'jn ymm i o i m 
mwrn^x-m ym.im*mmth . &£?x 

^x/MfiKflll 0 2*JgriW-4. gV^CVDaty'J 
7tb^y'Xh^A7-^L, ltie»l^J3>« 
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azx ^xmkLtzik, mstt&&m^x ?- vmm i 

BfcU iraE7*M^^h*»*-fft (01) . 
[0028] ( 2 ) S^'JlM Hf^oy- h««g- 

•I.. Nf ^ ^MO S h 7 ^OV-^/ h' 

V^yWt&vMWL. HXtf-f-YW^l 0 5 4"\O^*i6 
mn&AZtfofzWz, 7* M^xhSrM^U Ni- 

wzmu%t>* : &m-h£oi l zj^-->y^-h. mz, 

cONSLt&WSX'h h y-*/ H W ^ISiS 10 7a, 1 

07b z*ti?ti&m-& tti>tz. mriB^- hmm 1 

0 5 t?Mi^«Al, mile? * hl/^'x h £ 

mz-tz. act, ^xLtzyfrnnco^mt^fotzisb 

^»H^T'^ai--S (02) „ 
[0 0 293 (3 ) 2Mc % ^'-h«®l 0 5*3il^V- 
X/ K W y^ig 10 7a, 107 b<0=S-^M^ltr 
?>§^IM^£I&*U^ ^-h«®l 0 5i><ttf 
y-X/KW>SiSl07a, 1 07 btfO^B^ 

%<Dtm^)v^-i^ y-x/KW ymmi o i 

a, 1 0 7b^^ s mUiO. 2umX\ TlV-dy 
-f ^yaAf*t8 0 0— 9 0 0°CT2 0 T^Of^JISr 

sfutj&ftKra* £ tz\$z<r>m&Kmmm<nmm l z 
£^x®m-&mmx°B$Li$tiz>%ig' B xmK v-x/ 

h'W yfRigl 0 7 a, 10 7btf>aE3£iB*3rV*J:3 

t\ ^-mbsi o 5i5j:^y-VKW>^ijii o 

7 a, 10 7bO^Idf B H B fIJSl 0 8 afcitf 1 
08b£«t& (H3 ) . 

[0030] iOXSTtt. HUie^-h^fiB 1 0 5 Jo J: 
Vy-VHW^107a, 10 7bc0^ffi 

zztizx-iXi'V? ymtgkmtzi&m? h a t #s 

t tiitm^axmmm<ommi>z x->x @fs-r h $ 
mx&f&ztimikxmw. tney-*/K w yftuB 

107 a, 1 O7bJ;0^ffli^i. : 5rV^J;3C-ri>ii: 
#ffl£U^ -tote*. y-X/HWyg»iW 



*y%ze>Fi--$>&MiT?*7fkLxmmL%^ 
m?4*yiz£hj*yw^r<r>i}m^*)^-t:. m 

[003 1 ] (4)<^t. X^-y^ajSrfflUTv-y^ 

v^rJV, ?y?)l<&tz\t&&. h&^iZ-tlh^&fr 
^S^110 9^ML (04) . ^-Olft/Noy^ 
9 y-TT—— 7— %ycr>7 yzTT——? WC Jft*El 

107a, 1 0 7bOait^R^'J h'JSl 1 0 
a, 1 1 0 bZ-tjUyTyJ *ybX-Bf&t£. OV> 

- 1 o 6 & kx/mttmrnz 1 o 3±co*kje^js®£ 

H**r* (05) . 

[0032] filhas^fc i a tc. *JMB«08J&61£fc:J3 
(4) iOWt^ ^M H 3 a ^';3>^'o : 5r-l»y-h«l§l 

0 5. *j«fcifNS^tt*a«Ji*>4)*&y-x/Ku>f 

ym&l 0 7 a, 10 7 bO#Sffite. H-^-*-5V^ 

t?*7°? t LxmmL%^&fe<o]&=FJ *y*4 *y 

(3) 2r*-rSifct=±0, tiflBy-hmi 0 5. a 

0 7a, 107b CD&m*mf&t h 1/ V ^ ^ORIlSttS: 

tzifi-> x . m^cofflmwzm ^- bwm&zifiv-x 
-x/Ki^>f yffimmztf'b* <%^tz®atiz&^x 

y. BF 2 t\,^t:Wmfo&W±Pme>^1imx^:^T 

[003 3] ^rfc\ ±EH*6^JBte*JV^fi» Nf-r 
^MOS h7yyy^(:o^t^A\ *»WI4P 

[0034] *|Qfe<0JB!lltC*»*»&MO SaPF-fc 

[003 5] (99KM) 
( 1 ) SIMS 

mftLtzTttXizmtxy-yy'Jl'ZBf&L. -fe>"7^ 

1 ^-yorej^tj; § 2«-f ^yua^ws (sim 



(6) 
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3 ymm ( 1 0 am K im^*)V3r- 5 0 k e V , 
tJiT/r«-Xi*«4x 1 0 15 lf/cm 2 T\ bS#F- 
}£V7%tvfcY- MffitA^^y U =? >Ji ( 2 2 
Onm) , t^lW^^'JlM h'Ji (7 0~80n 

m) tfm&ztitei><DX'h& . -etr. io-9-yr;P2r 
ftrtexs ( 3 ) t\ Tfrzfyjxyifi 

1 0 k e Vcojlfiax*;^— "CaEASitTV^. 

[0036] H6*><5>, &±mx'$>&i-?y>'Vy-'i V 
[0037] ( 2 ) riviyj j-yco&xtf-y-hmm 

MHz. TiVdyj^ycv&X^WfWZ^-. 7-h 

wmcois-hmx^mmmf&ztmLx^-t. muz 

ZtftT. ttz. ^mUzttzyyTMi. ±IB ( l ) <r> 

+Ty~TMi. T)Vztyjjty<n®J<ff*i:^m±. 
l,zfrfr&i><vbfflWX'$>&. 

[0 0 38] E37j&»4>, TJUzfyj j-yZmWcA *y 
&Alz£.~>X¥— h HffiSliB^NWMfc *fro £ b izi. 

[0039] ( 3 ) T)\s-dVA*ywi&J<&V-*/ K 

***** fc<0£*»8ffivvfc. y-VHV'f 
ii.. 0 k e V. fcitf K-X'»^4 X 

1 0 ls I/cm J t, t^h'-b^^n^tO-CS) 

[0 0 4 0] T;W^W3T>'SrfflV^'f ^ 

&A£ i oty-v f w y««siBtf#Hii»fcS'fi 1 
tt^x s y-*/ hw yffimcDi&mi'' y im k 

6. 



[004 1 ] ( 4 m tf^i^oirasax*^*-*^ 

W ^-yoaAx^^-Sr^L. JSW{S*ffi3. 3 V 

(3) oMfeX'm^fi:t><obmnx'$>&. ttz\ wmt 

fcx V Tcr>mm&4 1 4 7 2 *t m*"C* 0 . x>J 
52*ti8 6 4jumT2fc&. 
[0042]I9K> T/l^W :*y&AB§?)AD3IX 

^Wf-ifcJKSrSfc. Stey-?*8Efc:*:&<$r4£ 
Ltztf^X, 4 *y&X&f<Dlimx.*)V*? 

•-r^-y&AfcJ: O^tS^APlS. S>-l»vMi-e^)M B B B A 
RS^^g^fEliKMtcJ: r>xm$.~tZ>T®&X'BtfteiX&X 

mt>K y-x/FW ymm*t&£&z.bizj:ixm± 

[0043] fciixtf. 09t5rf A^y^Lk 
mcr>tom^->^-ZMWj:$m (15ke VJ2TF) £ 

i t iij u^juo v—t> mmzwz hz.b iMmx-h 
mtfm%h<r>x\ -mizznmzmfe-t&zti&x'Z* 

[0044] ( 5 ) tSfl^M*^ 'J ~ ^ «8Efc^er 

hi on. teA^BB3&»s^y-^«afc#i4iw^ 

-f. Hi otctJV^T, Ktttti^^/Wx-^KJ:-) 
3. 3VC<?5tS^y-^1E8Effi*^. -^-^U^x- 

mm^zm^tzvyy'MZ. m^mmt±m 

( 4 ) ^aseteffl v ^ i>(Db o , * v&a t 

[0045] a. K-Xi ; 3X 1 0 14 I/cm ! , fld 
jSx^/Hf— ; 1 0 k e V 

b . K-Xfi ; lxiO'Wcm*, JUSEX^;^ 

- ; 1 OkeV 

c . K-XS ; 3X10»I/cm», JW5SX*;P^ 

- ; 30keV 

* t» RI t^-f-C^-T . *fc\ EI 1 0 oaWlc^S ft 

L^-9-yr;UT(i*< . ^T^y ny^±IEa~c bm 
t^rXTj^y^A ^y^KLtz^yy'fV^m^xm 
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U T<9fl5flt« 2 5 0 0 0 0 u m 2 T"£> 0 , X 'J r<7^21 
J^±2 0 0 0junTC*4. 

[OO46101OK, "9- — v/W^X-^i^'-^vUD 
<3r&fcofiT. ^y-?m3K#:*:£< : $r& 

TJf £ >J -^mSE^±# < i k £^ LT v^S . 

[0047] (m2cr>mm<vmm) mi ^fttyz 

•ffflfMH-r* 0.1111-1113 i±. mi 4 izTjk-f^-m 
i^wwmmxmzm£miz^mwm?$>z> . 
[ o o 4 8 3 n 1 4 tzjKttmmga.it. fztz.it. m 

11-11 3fc5jrf. lilTWa-feX^ctoTMit-ri. 

[0049] u) £-r.n$;m^t>ti&?jmiz£~>x 
i ±iz s «*s=fflswess iy'j3 y6f<fttii£ft?j£-r 

X?£J&£-r&. owe. -fTj-V^A^^fflV^TUySr 
SEAL. t«iS7=r hU^h^Bsfe-r*. PM^7 

^asfc&xu Mia?* hi^'xhSri^-ri.. 

a, mmmmzm^xNmiy^mmm 1 o 2 b*s «tv 

PM^X/PKM 10 2a JMti . 
[0050]^^®l ~> U 3 ^BMkJRJifc:, c v d 

vziyMimizi3^xmttMim*&ffct&&tt<7>?>. 
WES' u 3 v3*uk& f x >y *>rizxm?t & . 

. ffiflE^ * M^y^ b £ Bfc£ Ltitk . WES' U a 5" 
y'j3 1 0 3 ^JBfig-f 

[ 0 0 5 1 ] owc\ y y^TBuis^ y 3 yM-fcMS- 

®m£V>tzMzfmit*ft\ \S2y'j3 ^RfcBt £ 

js-*-*. pfEiS2^yrj^i?^^x-yf-y^ 

04a. 1 04b£7&£-fS. CVDg^V^ 

*MOS h^y^^coy— F«flll 0 5at5il/P 
f+^MOS N^yy^^^'-Mffil 0 5b£B 

[ 0 0 5 2 ] ^y-»M hnm-v-x 

/YVjymmcOisri-Yffik-t&tztblz, CVDi£ 



1M K»7>r-;P^-Hf- 106 fe&j&tf'* . n 

jbsil is «ti/y- ms& 105a ^co^vm^&x* 
s y?vi;x?*mm~hffimzm%-t -ssp^^psp 

m5V-VKl/-fyI«107a, 10 7bSr^ 
*l/«l#J<W-* tttC, BUlB^'- HSl0 5aCT 

[0053] R^t, Pf+*MOSb5yy^^ 

v -x/ h u >$m<r>mm . & «t h n 1 0 5 

izmm-t^u^izfrn^mm-h & a 

mz. 4 *>&Amx^vm%t*copmFiimz 

«107c, 1 0 7 d ZZtl^tlMfcth tbhlZ.m 

ttttS-fi 1 S*3Sffl&#TJ»8Ul-?-£ (01 

1 ) . 

[00 54] (2) hMMl 0 5a, 105 

b (105) fcJtfy-X/KWMRWl 07a, 1 
07b, 107c, 1 0 7 d ( 1 0 7 ) CD&mffilZlPfc 

t-*a«iiMiJWf*iiii*Lfcfis iway-h«ffii o 5 

fciixy-x/'h'p-f yf«io 7«5««iiffc*Mtfl; 
-f&fcftfc:. T)V-dv4*v*T&X~th. Z<vtZ><7)tn 
3£x^djf-{i N y-x/Ki^^f yfiisi 0 7«as 
*>\ Milf 0. 2Atmt\ T;W3*>"f^^?iAf*t8 0 
0-9 0 0°CT'2 O^ffl^Waffil^d i 5 ^ 

T«$n-i»is H H B xPi* i '\ y-VKWyji«i07 

OSES fctt^SrVU; die. fcfciJf 1 5ke VOT^S 
4LV\ i^iatcLT. ^-'-Mil0 5a, 105 
b 04-3Effi£?HHrfttt 10 8a, 108c & jgjS U » 
Nf-^r^MO S ^ y WisfcKV-X/Y V-i yfBW 
107a, 1 0 7bt3J:V r Pf-v^;HV[OS h^yyy 
^V-VKWyfil07c, 107dC0#^M 
tc^MHKS« 108btsJ:tfl08d Sr®jS^4 ( H 1 
2) . 

[0055] iwxg-ctt. M^t^i a fc, mftay- 
h*fiii o sfciixy-x/h'i^^f y^i o 7co#^ 

tJIkfci-jtj/'Jn yo^ B B B ^-fk^{Sit-r 5 ; t 

mrnxfoz. tztiL, i^^yftAti-Jt, y-x 



(8) 
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ikxfts > & tzimmmgkxmtftmcowkwmiz x^xm 

4 yffl®, 1 0 7 i a*1«;£l;t&vu o \,z-fh i £ tm 
Mb^^zX V -?n%LZ . ^HHMfcS: S 

[0056] -f-Lt. i^xmnfew^i t #a 
tm v * Jt*> „ N^-y ±tf p f-v */ko m o 

[0 0 5 7] (3)&fcs -X^v^ffifcJBWCS/yiM 
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